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TI Natural promoters from Methylomonas genome for regulated gene expression 

in CI metabolizing bacteria 
IN Dicosimo, Deana J.; Picataggio, Stephen K. ; Seip, John E.; Ye, Rick W.; 

Wang, Tao; Ni, Hao 
PA E.I. Du Pont de Nemours and Company, USA 
SO PCT Int. Appl., 83 pp. 
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DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI WO 2004037998 A2 20040506 WO 2003-US33698 20031021 

WO 2004037998 A3 20040812 

W: CA, JP, NO 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI , FR, GB, GR, HU, IE, 
IT, LU, MC, NL, PT, RO, SE, SI, SK, TR 
US 2004126848 Al 20040701 US 2003-689200 20031020 

PRAI US 2002-419872P P 20021021 

AB The invention relates to the use of promoter regions isolated from a 
Methylomonas sp. for gene expression and metabolic engineering in CI 
metabolizing bacteria. Genes, ntrA, glnB, htpG, moxF and hps, have been 
identified in the Methylomonas genome that are responsive to various 
metabolic and growth conditions. The identified responsiveness of these 
genes allows for the use of their promoters in regulated gene expression 
in transgenic CI metabolizing bacteria. In particular, the hps promoter, 
which in its native state drives the expression of 3 -hexulose- 6 -phosphate 
synthase (HPS) , was found to be useful for directing expression of 
heterolgous coding regions (e.g., crtZ) in the obligate methanotroph 
Methylomonas sp. 16a. 
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TI Genetic analysis of central carbon metabolism in the obligate methanotroph 

Methylomonas sp. strain 16a. 
AU Sharpe, P. L. [Reprint Author]; Koffas, M. A. G. ; Wilczek, J. [Reprint 

Author] ; Knolce, K. L. [Reprint Author] ; Odom, J. M. [Reprint Author] 
CS DuPont , Wi Imington , DE , USA 



so Abstracts of the General Meeting of the American Society for Microbiology, 
(2003) Vol. 103, pp. K-100. http://www.asmusa.org/mtgsrc/generalmeeting.ht 
m. cd-rom. 

Meeting Info. : 103rd American Society for Microbiology General Meeting. 

Washington, DC, USA. May 18-22, 2003. American Society for Microbiology. 

ISSN: 1060-2011 (ISSN print) . 
DT Conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 12 Nov 2003 

Last Updated on STN: 12 Nov 2003 

AB Methanotrophs are unic[ue in their ability to utilize methane (C-1 

compounds) as a sole carbon and energy source. The utilization of C-1 
compounds as carbon sources occurs via the assimilation of formaldehyde. 
Formaldehyde assimilation in methanotrophic eubacteria occurs via one of 
two pathways- the ribulose monophosphate cycle (RuMP) or the serine cycle. 
Variants of the RuMP cycle are able to utilize either the Enter-Douderof f 
(ED) pathway or the Embden-Meyerof f -Parnas (EMP) pathway. The . enzymatic 
activities of the EMP pathway enzymes are generally low in obligate 
methanotrophs. Therefore, obligate methanotrophs are thought to utilize 
the ED pathway exclusively. In contrast, facultative methylotrophs 
commonly utilize the EMP pathway. We have examined the pathway 
alternatives in the obligate methanotroph Methylomonas sp. 16a. We have 
evidence suggesting the possibility that both the ED and the EMP pathways 
are functional in Methylomonas sp. 16a (a RuMP cycle methanotroph) . Whole 
genome sequence information indicates the presence of genes for both 
central carbon metabolism pathways. Growth and yield results from 
Methylomonas strains containing gene disruptions in genes coding for key 
enzymes in the ED pathway (fructose bisphosphate aldolase) and the EMP 
pathway (2 -keto-3 -deoxy-6 -phosphogluconate aldolase) demonstrate that both 
enzymes are important for the growth of Methylomonas sp. High 
pyrophosphate -linked phosphof ructokinase enzymatic activities 
were also confirmed for this Methylomonas sp. Thus, in contrary 
to the existing literature, we have genetic and biochemical evidence that 
verifies that Methylomonas sp. strain 16a can utilize the EMP pathway for 
the assimilation of carbon. 
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AB Nine Genes have been isolated from a Methylomonas sp encoding elements of 
the exopolysaccharide biosynthetic pathway. The genes and gene products 
are the first isolated from an organisms capable of utilizing single 
carbon (CI) substrates as energy sources. The genes are useful for 
engineering other CI utilizing microorganisms to make altered levels of 
exopolysaccharide which is used in a variety of com. applications. 
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AB Genes have been isolated from a Methylomonas 16a encoding enzymes in the 
carbon flux pathway. The genes encode both a 2-keto-3-deoxy-6- 
phosphogluconate aldolase (KDPGA) and a gene encoding fructose' 
bisphosphate aldolase (FFBPA) as well as numerous other genes. The gene 
will be useful in CI metabolizing microorganisms for the manipulation of 



the carbon flxix pathway. 
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AB Genes have been isolated from Methylomonas 16a encoding the enzymes of 
isoprenoid biosynthetic pathway. The genes and gene products are the 
first isolated from a Methylomonas strain that is capable of utilizing 
single carbon (CI) substrates as energy sources. The nucleotide sequences 
and the encoded amino acid sequences of genes containing 9 ORFs encoding 
enzymes involved in isoprenoid biosynthesis are disclosed. The genes and 
gene products of the present invention may be used in a variety of ways 
for the production of isoprenoid compds. in a variety of organisms. 
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AB A high growth me thano trophic bacterial strain capable of growth on a CI 

carbon substrate has been isolated and characterized. The strain has the 
unique ability to utilize both methane and methanol as a sole carbon 
source and has been demonstrated to possess a functional Embden-Meyerhof 
carbon flux pathway. The possession of this pathway conveys an energetic 
advantage to the strain, making it particularly suitable as a production 
platform for the production of biomass from a CI carbon source. Thus, the 
genetic and metabolic capabilities of Methylomonas strain 16a were studied 
and defined. 
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AB Pyrophosphate -dependent phosphofructokinase (PP-l-f ructose-6-phosphate : 
1-phosphotransf erase, EC 2.7.1.90) was isolated from the obligate 
methanotrophic bacterium Methylomonas methanica 12 and purified to 
homogeneity. Data from PAAG electrophoresis in the presence and absence 
of sodium dodecyl sulfate suggest that the enzyme is a dimer with M-r = 92 
kDa (2 times 45000) , The pH optimum of the forward and reverse reactions 
is about 8.0. The apparent K-m values for fructose -6 -phosphate, 
pyrophosphate, f ructose-1 . 6-bisphosphate and orthophosphate are 0.38, 
0.051, 0.1, and 1.7 mM, respectively. The enzyme is inactive in the 
absence of Mg-2+. The Mg-2+ concentration needed for the 50% activation 
of the enzyme in the forward reaction is 0.012 mM, that in the reverse 
reaction is 0.47 mM. The substrate specificity of the enzyme and the 
effects of metabolites on the enzyme activity were studied. 
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AB The ability of two obligate me thano trophic strains to assimilate glucose 
was studied. Glucose not only penetrated into Methylomonas methanica 
cells (type I), but also served as an additional carbon source (apart from 
methane) since about 17% of the carbon in the biomass originated from 
glucose. This methanotroph contained the following enzymes of 
carbohydrate metabolism: hexokinase, 6-phosphof ructokinase, 
f ructose-1, 6-bisphosphate aldolase, glucose- 6 -phosphate and 
6-phosphogluconate dehydrogenase, transaldolase, transketolase, 
ribulosephosphate-3-epimerase, phosphoriboisomerase, and 
2-keto-3-deoxy-6-phosphogluconate aldolase. The metabolic blocks at the 
level of pyruvate kinase and a-ketoglutarate dehydrogenase are 
presumed to account for the inability of M. methanica to grow on glucose. 
Glucose had no effect on the growth of Methylosinus trichosporium cells 
(type II) on methane because less than 1% of it contributed to the carbon 
of the biomass. This was due to the fact that the main pathways of 
carbohydrate metabolism were blocked in this methanotroph owing to the 
absence of hexokinase, 2-keto-3-deoxy-6-phosphogluconate aldolase, 
glucose -6 -phosphate and 6-phosphogluconate dehydrogenases, and pyruvate 
kinase . 



